Background and Objectives Acute postoperative pain management in the geriatric patient can be challenging, including their response to medications. The purpose of this analysis was to evaluate whether the efficacy and safety profile of fentanyl iontophoretic transdermal system (ITS) (IONSYS Ò ) was similar in geriatric (C65 years) and non-geriatric (\65 years) patients. Methods Efficacy and safety data from three randomized, double-blind, placebo-controlled trials and four randomized, open-label, active-comparator trials were utilized for this analysis. Efficacy was assessed via the patient global assessment (PGA) and the investigator global assessment (IGA) scales. The PGA and IGA are categorical 4-point scales (excellent, good, fair, or poor) with treatment success defined as excellent or good. Safety was evaluated via adverse events. Results A total of 1763 patients were assigned to the fentanyl ITS treatment group. Of the 1763 patients in the fentanyl ITS group, 499 patients were C65 years of age; 65.1% were 65-74 years of age, 31.7% were 75-84 years of age, and 3.2% were C85 years of age. In the fentanyl ITS treatment groups, there were no statistically significant differences between the non-geriatric and geriatric patients in terms of patients reporting success on the PGA at 24 h (80.0 vs. 83.0%, respectively; p = 0.3415). There were no statistically significant differences between the groups in success rates on the IGA at study discharge (82.8 vs. 87.5%, respectively; p = 0.1195). The safety profile was similar between the age groups. Conclusions Overall, efficacy and safety of the fentanyl ITS were similar between the geriatric and non-geriatric patients.
the older population is aging as well. The share of people over the age of 80 years is expected to reach 19% of the population by 2050 [1] . Geriatric patients have higher rates per population of surgical procedures than other age groups [3] [4] [5] . Therefore, it is imperative to understand the effectiveness and risks of medications used in the perioperative period.
Effective postoperative pain management is as important in the geriatric surgical patient as it is in the younger patient as it can reduce morbidity and lead to earlier ambulation [6] . In fact, clinical evidence shows that aggressive pain management in geriatric patients can improve outcomes [7] . Poorly controlled pain is one of the risk factors for delirium in the geriatric patient [7] . It is also important to note that opioids can be a risk for delirium in geriatric patients.
Fentanyl iontophoretic transdermal system (ITS) (IONSYS Ò , The Medicines Company, Parsippany, NJ, USA) is a non-invasive patient-controlled approach to postoperative pain management. The fentanyl ITS is a prefilled, pre-programmed system that delivers fentanyl transdermally via iontophoresis using a virtually imperceptible low-intensity electric field [8] . The patient activates a dose by double-pressing a recessed button, and the system then delivers a nominal 40 lg dose of fentanyl over a period of 10 min. Fentanyl ITS eliminates the potential for programming errors [9] . Patient mobility is unhindered by the system, as no cable, tubing, or external pump interferes with patients' activities. Additionally, staff time spent on more invasive routes of administration may be reduced [10, 11] .
Fentanyl ITS has been well-studied in three phase III and four phase IIIb clinical studies (Table 1) [12] [13] [14] [15] [16] [17] [18] . In the three placebo-controlled phase III studies, fentanyl ITS was superior to placebo in terms of acute postoperative pain management as assessed by the number or percentage of patients withdrawn due to inadequate pain control after completing at least 3 h of study treatment [12] [13] [14] . In the four active-comparator phase IIIb studies, fentanyl ITS demonstrated similar efficacy to morphine intravenous (IV) patient-controlled analgesia (PCA) on the primary outcome measure (i.e., 24-h treatment success rate, determined as a rating of 'excellent' or 'good' on the validated patient-reported outcome measure of the patient global assessment [PGA] of the method of pain control) [15] [16] [17] [18] [19] .
Geriatric patients have changes in physiology and do not always respond to medications in the same fashion as their younger counterparts [20] . Therefore, it is important to understand for any medication whether there are differences in efficacy in a geriatric population compared with a non-geriatric population. This is especially true as the populations continues to age. For opioids, it is particularly important to understand safety, especially around respiratory depression in a population more at risk for it such as with geriatric patients. Therefore, in this report we compared the efficacy and safety of patients less than 65 years of age with those greater than 65 years of age to determine whether there are any meaningful differences of clinical relevance for the clinician.
Methods
PubMed and the Cochrane Library were searched combining the terms ''fentanyl'' and ''iontophoretic'' for the period of 1980 to 30 June 2016 (Fig. 1) . A search of the ClinicalTrials.gov database was also conducted for the same period using the terms ''fentanyl'' and ''iontophoretic''. Studies were included if they evaluated the fentanyl ITS in prospective, randomized controlled trials. This literature search resulted in six unique clinical trials that are included in this meta-analysis [13] [14] [15] [16] [17] [18] . The manufacturer provided details on a seventh phase III trial that has not been published [12] . The details of each trial are presented in Table 1 . A risk of bias assessment was completed (Fig. 2) . All studies received applicable Institutional Review Board approval prior to initiation and all patients who participated in the study provided written informed consent prior to study enrollment. Nonopioid analgesics were permitted in one of the clinical trials at the discretion of local practice and were not standardized [18] . The efficacy endpoint for the purpose of these analyses was the 24-h treatment success rate, determined as a rating of 'excellent' or 'good' on the validated measure of the PGA of the method of pain control (assessed as the last PGA recorded in the first 24 h) [19] . A key secondary efficacy endpoint included the investigator global assessment (IGA) completed at 24 h. Safety was assessed via treatment-emergent adverse events (TEAEs). For the purpose of these analyses, the following subgroups were utilized: geriatric age groups (65-74, 75-84, and C85 years) and the non-geriatric age group (\65 years). Six of the studies have been previously published with full methodology [13] [14] [15] [16] [17] [18] . The seventh study was a placebo-controlled trial similar in design to the other two placebo-controlled trials. The purpose of this analysis was to evaluate whether the efficacy and safety profile of fentanyl ITS was similar between geriatric (C65 years) and non-geriatric (\65 years) patients.
Statistical Analysis
To be considered evaluable for the efficacy population analysis, patients had to have at least 3 h of study treatment (evaluable for efficacy population). The safety population included all patients who received any study treatment (safety population).
The treatment success rate, determined as a rating of 'excellent' or 'good' on the validated PGA of the method of pain control was the primary efficacy endpoint in the four phase IIIb trials and was collected in all of the phase III trials. Therefore, this was chosen to be the primary outcome for this meta-analysis. For all of the efficacy outcomes, a meta-analysis using random effect models according to Cochrane methodology to generate p-values was employed. For dichotomous variables, odds ratios (ORs) indicating the probability of the outcome to occur were calculated. Statistical tests were performed at the 0.05 significance level, with no multiplicity adjustments. Ninety-five percent confidence intervals (CIs) were provided. Descriptive statistics were utilized for the safety outcomes.
Results
In the fentanyl ITS controlled studies, a total of 1763 patients were in the fentanyl ITS group, 1313 were in the morphine IV PCA group, and 316 were in the placebo group. Of the 1763 patients in the fentanyl ITS group, 499 patients were C65 years of age; 65.1% (n = 325) were 65-74 years of age, 31.7% (n = 158) were 75-84 years of ITS iontophoretic transdermal system, IV PCA intravenous patient-controlled analgesia
Fentanyl ITS Efficacy and Safety in Geriatric Patientsage, and 3.2% (n = 16) were C85 years of age (Table 1) .
Of the 1313 patients in the morphine IV PCA group, 382 were C65 years of age; 61.3% (n = 234) were 65-74 years of age, 35.3% (n = 135) were 75-84 years of age, and 3.4% (n = 13) were C85 years of age (Table 1) . Of the patients in the placebo group, 66 patients were C65 years of age; 66.7% (n = 44) were 65-74 years of age, 30.3% (n = 20) were 75-84 years of age, and 3.0% (n = 2) were C85 years of age (Table 1 ). In the fentanyl ITS controlled studies, demographic and baseline characteristics across geriatric and non-geriatric patients in fentanyl ITS patients are presented below in Table 2 . A higher percentage of geriatric patients were Caucasian. A larger proportion of geriatric patients had undergone orthopedic bone procedures compared with the non-geriatric patients and a smaller proportion of geriatric patients had undergone lower abdominal procedures compared with the non-geriatric patients.
Efficacy

Doses Used
Non-geriatric patients used a mean of 32.4 doses of fentanyl ITS in the first 24 h, while geriatric patients used a mean of 24.0 doses of fentanyl ITS in that same period. For Free of other bias?
Free of selecƟve reporƟng?
Incomplete outcome data addressed?
Blinding?
AllocaƟon concealment?
Adequate sequence generaƟon? In both the placebo-controlled and the active-comparator trials, the proportion of patients in the fentanyl ITS group who rated their method of pain control as 'excellent' or 'good' was similar in each of the geriatric age groups (65-74, 75-84, and C85 years) to that in the non-geriatric age group (\65 years) (Table 3) . Likewise, the proportion of investigators who rated the method of pain control as 'excellent' or 'good' in the fentanyl ITS group was similar in each of the geriatric age groups (65-74, 75-84, and C85 years) to that in the non-geriatric age group (\65 years) ( Table 3 ). There were no statistically significant differences caused by fentanyl in proportion in either the PGA or IGA between geriatric patients and non-geriatric patients (Table 4) .
Fig. 2 Risk of bias
Safety
Early Discontinuation due to an Adverse Event (AE)
The proportion of patients in the fentanyl ITS group who discontinued due to an adverse event (AE) was similar among the geriatric subgroups (65-74, 75-84, and C85 years of age) and the non-geriatric group (\65 years of age) ( Table 5 ). The rate of discontinuation due to an AE in the fentanyl ITS group was not correlated with age. Less than 5% of patients in the controlled studies discontinued treatment with fentanyl ITS because of an AE (77/1763 [4.4%] overall). A similar proportion of patients C-95-016 [12] 63/71 (88.7 %) 6/6 (100.0 %) 6. 
AEs in Placebo-Controlled Studies
In the placebo-controlled studies the incidence of AEs such as pyrexia, headache, and insomnia, likely reflecting postoperative effects, were similar between the two treatment groups. Typical opioid AEs such as nausea, dizziness, pruritus, and urinary retention were experienced more often with fentanyl ITS than with placebo. A higher incidence of application-site erythema, vomiting, pruritus, urinary retention, and back pain occurred in the non-geriatric patients, and a higher incidence of anemia and hypotension occurred in the geriatric patients (Tables 6, 7 ).
AEs in the Active-Comparator Studies
In the active-comparator studies with IV PCA morphine, most of the AEs reported in C2% of patients were comparable between the two treatment groups (Tables 6, 7 ).
AEs that occurred at a higher incidence in the non-geriatric patients were nausea, application-site erythema, headache, dizziness, application-site vesicles, and abdominal pain.
Respiratory and Central Nervous System Effects
In the controlled studies, AEs suggestive of central nervous system (CNS) or respiratory depression occurred infrequently overall, but were more common in patients receiving morphine IV PCA (8.6%) than in those receiving fentanyl ITS (5.0%). Compared with patients receiving fentanyl ITS, a greater proportion of patients receiving IV PCA morphine experienced the AEs of hypoxia, hypoventilation, somnolence, and confusional state. Apnea occurred at a similar frequency in both active treatment groups. The incidence of all selected AEs and bradypnea was lower in the placebo-treated patients.
In the controlled studies in fentanyl ITS patients, the rate of AEs suggestive of CNS or respiratory depression appeared to increase with age: at least one AE suggestive of CNS or respiratory depression was reported in 3.7% of non-geriatric patients, 7.1% of patients 65-74 years, 10.1% of patients 75-84 years, and 18.8% of patients C85 years of age. The incidence of each individual AE was low, and there were no particular AEs markedly elevated in the geriatric patients.
AEs Resulting in Study Termination
In the controlled studies, the incidence of AEs resulting in study termination in fentanyl ITS patients, morphine IV PCA patients, and placebo patients was similar across the age groups (Table 8) . OR (95% CI) and p value were based on random effect models for meta-analysis CI confidence interval, ITS iontophoretic transdermal system, IV PCA intravenous patient-controlled analgesia, OR odds ratio
Discussion
In the fentanyl ITS clinical development program, there were 499 patients C65 years of age treated with fentanyl ITS. The entire C65 years population were used to assess the safety (safety population) and 489 were used to assess efficacy (evaluable for efficacy population) of fentanyl for postoperative pain management in geriatric patients. Overall, there were no meaningful differences in efficacy assessment outcomes in each of the geriatric subgroups (65-74, 75-84, and C85 years) compared with the nongeriatric group (\65 years) in the placebo-and active- CI confidence interval, ITS iontophoretic transdermal system, IV PCA intravenous patient-controlled analgesia controlled studies. The proportion of patients in the fentanyl ITS group who rated their method of pain control as 'excellent' or 'good' was similar in each of the geriatric patients to that in the non-geriatric patients. Similarly, the proportion of investigators who rated the method of pain control as 'excellent' or 'good' in the fentanyl ITS group was similar in each of the geriatric subgroups to that in the non-geriatric group. Therefore, it would appear as though AE adverse event, ITS iontophoretic transdermal system, IV PCA intravenous patient-controlled analgesia fentanyl ITS is equally effective in geriatric patients as it is in non-geriatric patients. Overall, the safety profile that was observed was similar between the geriatric and non-geriatric patients. The rate of discontinuation due to an AE in the fentanyl ITS group was not correlated with age. There was not a clinically meaningful difference between the non-geriatric and geriatric patients in terms of TEAEs. Not surprisingly, in the placebo-controlled trials the typical opioid AEs such as nausea, vomiting, dizziness, pruritus, and urinary retention were experienced more often with fentanyl ITS than with placebo. Only anemia and hypotension occurred at a higher incidence in the geriatric patients than the non-geriatric patients. However, it is doubtful that anemia is a true drug effect as blood loss is common in this postoperative group and fluid shifts are common. While hypotension occurred more frequently in the 65-74 years age group than it did in the \65 years group, there were no reports in either the 75-84 or C85 years groups. In the active-comparator studies with IV PCA morphine, most of the AEs reported were comparable between the two treatment groups. In these studies, only anemia occurred at a higher incidence in the geriatric patients than in the non-geriatric patients.
In the active-comparator studies, AEs suggestive of CNS or respiratory depression occurred infrequently. Overall, the rate of AEs suggestive of CNS or respiratory depression appeared to increase with age, as would be expected for this population. However, it is important to note that the AEs suggestive of CNS or respiratory depression, while infrequent, were more common in patients receiving morphine IV PCA (8.6%) than in those receiving fentanyl ITS (5.0%). As with all patients, it is prudent to monitor geriatric patients closely for signs of sedation and respiratory depression, especially when either initiating treatment with fentanyl ITS or when fentanyl ITS is given concomitantly with other drugs that are known to be respiratory depressants.
Postoperative mobility is important for any patient undergoing surgery, but especially so in a geriatric patient who may already be more predisposed to some of the complications of immobility such as deep vein thrombosis, pneumonia, and urinary tract infections [21] . Mobility can be hindered by IV lines and poles. Fentanyl ITS has an advantage over morphine IV PCA in that it does not require an IV line and pump. It is important to note that patients may still require IV fluid support in the postoperative period and may require an IV line for that purpose. In addition, venous access can sometimes be challenging in geriatric patients due to the overall structure of the skin, subcutaneous tissue, and veins, with veins that can become fragile, twisted, or hardened [22, 23] and therefore fentanyl ITS can be an advantage in this situation.
There is some conflicting literature that suggests that the clearance of fentanyl may be reduced and the terminal halflife prolonged in the geriatric patient [24, 25] . However, in a pharmacokinetic study of fentanyl ITS conducted in 63 healthy volunteers (25 subjects older than 65 years), age did not seem to affect the extent of drug absorption significantly and the pharmacokinetics were unaffected [26] .
The population is aging and geriatric patients are vulnerable and particularly sensitive to the stresses associated with surgeries [27] . Adequate pain control is as important in this population as it is in the non-geriatric population. However, there are times when geriatric patients respond differently to medications. This analysis suggests that fentanyl ITS is as effective and similarly tolerated in the geriatric and non-geriatric patients.
One of the limitations for using fentanyl ITS, IV PCA, or any PCA is that patients need to be alert enough and have adequate ability to understand the directions for use. Each patient needs to be carefully assessed, both geriatric and non-geriatric, in order to ensure that they have the cognitive function to utilize these systems effectively and to reinforce the instructions for use of each system as necessary. A limitation of this meta-analysis was that the population was not evenly distributed. In this case there were many more non-geriatric patients than geriatric patients. Also, there were very few patients who were C85 years of age. Another limitation of this meta-analysis is that none of the studies were designed to look specifically at the geriatric population, although the geriatric subgroup in this study is not small and the overall subgroup findings are consistent with the overall study results.
Further studies specifically looking at geriatric patients should be conducted to confirm the results of the metaanalysis. Longer-term outcomes (i.e., post-discharge) and cognitive status are two additional outcomes that should be considered for future studies.
Conclusions
The results of this analysis suggest that there were no meaningful differences in terms of efficacy in each of the geriatric age groups compared with the non-geriatric group. Additionally, the safety profile of fentanyl ITS was fairly similar in the geriatric patients to that of the non-geriatric patients. These results suggest that fentanyl ITS may be a valuable additional option for the treatment of postoperative pain in geriatric patients.
